Abstract: This paper estimates the response of corporate tax revenues to the business cycle fluctuations and calculates a heterogeneous asymmetry in the tax revenue responses between booms and recessions using a new index of loss offset generosity provisions. I find strong short-run contemporaneous impact of business cycle on corporate tax revenues and a persistent asymmetric response of corporate tax revenues to booms and recession. Loss offset generosity provisions enhance this asymmetry. Countries with more generous loss offset provisions experience much more volatile response of corporate tax revenues to business cycle during recessions, magnifying the asymmetry of cyclicality. As a result the automatic stabilizer impact of corporation tax will differ between booms and recessions, being stronger and more effective in the latter, especially in countries that offer more generous loss-offset provisions.
Introduction
Corporate tax revenues fluctuate with the business cycle ( Figure 1 ). In booms employment increases and companies tend to make more profits, so they have more taxable income than in normal times. As a result, they will pay more tax and the total corporate tax revenue in the economy will increase. In contrast, in recessions employment declines, corporate profits decline and some companies may even experience losses. As a result companies pay less tax, which implies that corporate tax revenues collected by the government decline. This paper examines this response of corporate tax revenues to the business cycle, calling this relationship the 'cyclicality of corporate tax revenues'.
The analysis of the cyclicality of corporate tax revenues feeds into the debate about the automatic stabilizing property of corporation tax. This is extremely relevant, especially after the severe consequence that the latest financial crisis had on growth in many countries. Due to the reduction in corporate tax revenues in response to business cycle fluctuations, government budget deficits increase. This keeps national income higher by maintaining aggregate demand. This happens automatically and reduces the size of recession. If the impact of fluctuations is asymmetric between booms and recessions, then the automatic stabilizer impact of corporation tax will differ between the episodes as well.
The key contributions of this paper are two-fold. First, it adds to the literature on the cyclicality of tax revenues by considering the cyclicality of a particular component of tax revenues -corporation tax revenues. I find that the short run contemporaneous impact of business cycle on corporate tax revenues is quite strong in normal times and in recessions, but it is much lower in booms; hence, corporate tax revenues are asymmetric with respect to business cycle fluctuations. Second, I provide novel evidence on how this cyclicality is related to the loss offset generosity provisions that various countries offer. I show that the loss offset generosity provisions enhance the asymmetry in the cyclicality of corporate tax revenues. Countries that are more generous in terms of the loss offset provisions, experience GDP growth revenues growth much more volatile response of corporate tax revenues to business cycle during recessions, magnifying the asymmetry of the cyclicality. To be more specific, I find that corporate tax revenues react strongly to business cycle fluctuations. The short-run volatility of corporate tax revenues with respect to business cycle is in the range between 2.7% and 5.1%. What this means is that 1% shock to GDP changes the corporate tax revenues collected by 2.7% (using OLS) and up to even 5.1% (using instrumental variables approach). Since corporate tax revenues as a percentage of GDP have been stable over the years in most of the OECD countries, I would expect that these fluctuations are only short-lived and the relationship between corporate tax revenues and business cycle reverts to its long-run mean. I find the long-run elasticity of corporate tax revenues with respect to the business cycle to be one.
The cyclicality of fiscal policy has been analyzed extensively in the macroeconomic literature. Authors have mainly concentrated on the cyclical properties of government spending (Lane, 2003; Hercowitz and Strawczynski, 2004) or government spending and government revenues (Sorensen et al 2001; Lee and Sung, 2007; Hallerberg and Strauch, 2002; Sorensen and Yosha, 2001) . However, there is not much work on the impact of business cycle on the components of government revenues and government spending, apart from contributions studying differences between cyclicality of direct and indirect taxes (Hallerberg and Strauch, 2002; Furceri and Karras, 2011) . These authors find very weak to no evidence that direct taxes, are responsive to business cycle. The current paper challenges these conclusions, by showing how business cycles affect corporate tax revenues.
My second finding is that the responses of corporate tax revenues to the business cycle are asymmetric. The empirical evidence I provide suggests that corporate tax revenues are tied most strongly to the business cycle fluctuations in normal times and recessions. The relationship between the two is much weaker in booms. Previous literature has documented asymmetries in the response of fiscal variables over the business cycle (Hercowitz and Strawczynski, 2004; Lee and Sung, 2007; Sorensen and Yosha, 2001; Fatas and Mihov, 2013; Sancak et al, 2010) . The general consensus is that the response of government spending and tax revenues to the business cycle tends to be quite strong in recessions relative to booms. What is more, government expenditures and revenues, even at the state level, have a strongly counter-cyclical response during recessions, but pro-cyclical response during booms (Lee and Sung, 2007; Sorensen and Yosha, 2001 ). This suggests that fiscal policy tends to mute economic booms to roughly the same degree it mitigates slowdowns.
The definition of booms and recessions is crucial when one wants to distinguish between the impact of business cycle in recession and booms. Most of the previous literature classifies all growth rate periods as either booms or recessions. In reality, most of the periods are actually normal times, neither a boom nor a recession. In this respect, another contribution of our paper lies in separating the episodes into three-phase business cycle rather than two-phase one (recession and boom) and comparing the impact of business cycle in normal times versus these extreme instances. The importance of identifying three-phase business rather than two-phase one (recession and boom) has recently been outlined in Fatas and Mihov (2013) . A majority of contributions to definitions of business cycle episodes as recessions and booms are coming from the literature on fiscal multipliers; see for instance Blanchard and Perotti (2002) , Romer and Romer (2010) , Ramey (2011), Auerbach and Gorodnichenko (2012) In the second part of the paper I focus on heterogeneities in the responses of corporate tax revenues to the business cycle fluctuations. In particular, I consider how the size of the tax bases and the generosity of the loss-offset provisions affect the cyclicality parameters. The size of the tax base has been shown to be important in explaining the variation in the tax revenues (Devereux, 2006; Clausing, 2007; Slemrod, 2012 and 2016; SuarezSerrato and Zidar, 2017) together with the tax rate. Therefore it is crucial to control for both when estimating the effects of business cycles on corporate tax revenues. I show that the size of tax base affects the cyclicality of the corporate tax revenues. Specifically, the more generous the capital allowances, the more sensitive the corporate tax revenues are to the business cycle.
It has been documented in the literature that corporate tax systems are asymmetric with respect to profits and losses. When a company is making losses it does not pay any tax and even when it starts making profits again some countries allow provisions to offset past or future losses against positive taxable profits. I call these provisions loss-offset provisions. Therefore, in recessions and in periods following these episodes, corporate tax revenues would be lower than the behavior of corporate profits in countries with no loss-offset provisions would suggest.
Since this property is linked with the loss-offset provisions offered by countries, I would also expect that the cyclicality in recessions and in years following recessions would differ depending on how generous these loss-offset provisions are. To explore this, I construct a novel measure -the 'loss-offset generosity index'. This is an index variable that measures how generous a given country is in a given year with its loss-offset provisions; it ranges from 0 to 6. It summarizes whether a country allows loss carry forward, loss carry back and whether these are limited or not. It also includes group consolidation of losses and minimum tax. Using this index, I investigate how the response of corporate tax revenues to the business cycles varies between booms, recessions and normal times depending on how generous the loss-offset provisions offered by countries are.
I find that the more generous the loss offset provisions, the more responsive the corporate tax revenues are to output shocks. What is more, the effect is only significantly heterogeneous for recessions. According to the evidence presented, if a country faces a recession and does allow generous loss-offset, the decline in corporate tax revenues it faces will be larger. This, in turn, will enhance the stabilizing property of corporation tax in recession and in periods immediately following the recession. Countries with less generous loss-offset provisions will benefit less from this automatic adjustment and might suffer more from recession as a result.
The rest of the paper is organised as follows. Section 2 gives definition of booms and recession episodes. Section 3 sets up the empirical model and describes the data that is the basis for empirical analysis in section 4. I discuss heterogeneity of the cyclicality parameter in section 5 and conclude in section 6.
Booms and recessions: definitions
The most crucial aspect of the analysis of the asymmetric responses of corporate tax revenues to the business cycle is the definition of booms and recessions. Specifically, various definitions of booms and recession have different implications for where the identifying variation comes from. In this section I discuss several ways in which we can define the business cycle episodes and show the correlation between the episodes identified using each method. The data I use comes from the OECD Annual Accounts and includes information on the Gross Domestic Product (GDP) in national currency, current prices in millions. I convert it to constant prices using GDP deflator; taking logs and first differencing to obtain the growth rate of GDP. I work with this variable to define booms and recessions. Using GDP growth rates, we can define booms and recessions in four main different ways, which are summarized in Table 1 .
Method 1 is based on the absolute values of growth rates, where the recession is defined as a year in which the growth rate is below a certain absolute threshold. This threshold has been defined in the literature as anything between 0 and 2 percent of the GDP growth rate. In turn, a boom is defined a year in which the growth rate is above a certain threshold; again the literature had identified those episodes using thresholds between 4 and 6 percent of GDP growth rate.
Method 2 is based on the distribution of growth rates in the sample. I sort growth rates by size and divide them into 20 percentile bins, each one consisting of 5 percent of observations. I define a recession as a year in which the growth rate is below a certain percentile threshold, while boom as a year in which the growth rate is above a certain percentile threshold. In this paper, I mainly focus on the episodes where recession is defined as bottom 10 percent of observations in terms of growth rates, while boom is defined as top 10 percent of observations in terms of growth rates. I also show results from an extreme case where booms are defined as top half of all observations in terms of growth rates, while recessions are bottom half of all observations in terms of growth rates.
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Method 3 is based on the distribution of growth rates in each year. For each year of the sample, I sort growth rates by size and divide the sample into percentile bins, each one consisting of 5% of observations. I define booms and recessions as in method 2. In turn, method 4 is based on the distribution of growth rates in each country. For each country I sort growth rates by size and divide the sample into percentile bins, each one consisting of 5% of observations. I define booms and recession as in method 2. Definitions 1 and 2 are concerned with large episodes of booms and recessions in the whole sample. Therefore they could be skewed towards representing mainly the recent financial crisis. However, using either of those definitions, in the empirical strategy I will be able to use both the time series variation and the cross-sectional differences between countries to identify the effects of the business cycles on corporate tax revenues. Definition 3 relies on the cross-country variation in episodes within each year by effectively comparing the size of recessions and booms to the OECD average in each year. Hence, it is identifies the effects of asymmetries along the business cycle for country specific business cycle shocks. However, during good times when all OECD countries experience high growth rates, this method classifies bottom 10 percent of observations as recessions even though the countries might be actually growing strongly in terms of definitions 1 and 2. Definition 4 relies on the time-series variation within each country by comparing the size of the episodes to the country average over the analysis period. However, it is possible that a country that is persistently under or over performing relative to other countries and hence what id defined as boom for this country may not be a boom according to definitions 1 and 2. Table 2 summarizes the correlation between various episodes of extreme booms and recessions depending on the method used to define the episode. In this table, an extreme boom is GDP growth rate over 6% using method 1 and in the top 10 percentile of observations using methods 2-4. In turn, an extreme recession is an episode of negative growth rate using method 1 and in the bottom 10 percentile of observations using methods 2-4. We can see that methods 1 and 2 generally tend to define very similar episodes of recessions and booms, as they are defined using overall periods of largest booms and recessions. Method 3 defines very different episodes of recessions than all other methods as it utilizes the cross sectional variation. The boom episodes defined by this method are more similar to those defined by methods 1 and 2, but not 4. Episodes of recession defined using method 4 are quite correlated with those using method 1 and 2, but episodes of booms defined using this method are not correlated at all across other methods. 3 It is important to note that larger percentile bins display larger correlation between each other. Further, the mean size of the episodes in each bin is slightly different depending on the method used. Considering that methods 1 and 2 define very similar business cycle episodes, in the empirical section I will focus on results using definition 2. In the robustness section, I show that using methods 3 and 4 generate similar results to method 2. Since each method defines slightly different boom and recession episodes, the results on business cycle asymmetries will compare across points in the business cycle and not across countries with different fiscal policies.
Finally, in Figure 2 I plot GDP growth data points against corporate tax revenues growth. Each dot corresponds to country-year observation. There seems to be a clear relationship between GDP and corporate tax revenues growth in the recession periods (grey dots), but not in booms (black dots). This motivates further investigation into the asymmetric effects of business cycles on the corporate tax revenues.
Figure 2. GDP and corporate tax revenues growth -country-year data points.
Note: Black dots represent boom periods as defined by the top 10 percent of GDP growth observations. Grey dots represent recession period as defined by the bottom 10 percent of GDP growth observations.
Data and Estimated Model
In this section I describe the theoretical basis for the estimation and discuss the simple model I estimate to fix the ideas. Each company, j, realizes its taxable profits and pays the corporate tax on this basis, using the statutory tax rate, it τ , and the allowances for capital expenditures, capall it , which are both common across all firms in each country. Here, i defines a country and t defines a year. Hence, each company pays tax based on its taxable profit π jit after deductions, capall it . The corporate tax revenues in each country in each year are the sum of all the corporate taxes paid by each company:
Where Π it is a sum of all taxable profits made by companies in that given year, while PDV it is the present discounted value of capital allowances in country i in year t and it τ is the top statutory tax rates. This is a large approximation for several reasons. First, some of the
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Fitted values corporate tax systems are progressive and multiple corporate tax rates apply depending on the amount of profits made (for example small companies in UK pay lower corporate tax rate). However, as evidence from the UK shows, almost 90% of all tax paid is paid by the top 10% companies. Therefore one could argue that most of the profits are subject to the top statutory tax rate and these would make most of the corporate tax revenues in each country. Second, I do not have an adequate measure of corporate profits on the country level. This is a problem, since one of the main ways in which the business cycle affects corporate tax revenues is through the cyclical nature of corporate profits. Instead, I will specify a reduced form equation where I use fluctuations in GDP as an approximation for business cycle and corporate profits fluctuations.
Third, I approximate the sum of all capital allowances in a given country in a given year by present discounted value of capital allowances. This is a crude approximation meant to serve as a proxy for a size of the tax base, which could be calculated separately from the effects of business cycle fluctuations on corporate tax revenues. The recent economic literature has discussed the importance of tax bases in explaining the variation in the tax revenues (Devereux, 2006; Clausing, 2007; Slemrod, 2012 and 2016; SuarezSerrato and Zidar, 2017) . Therefore using GDP to proxy for both business cycle fluctuations and tax base fluctuations may confound the identification and attribute some of the effects of business cycle fluctuations to changes in the tax base rules across the OECD countries. In this paper I follow Devereux (2006) and account for the present discounted value (PDV) of capital allowances as a proxy for the tax base. I calculate the PDV for each country and each year using the Centre for Business Taxation Tax Database that compiles information on capital allowances for three types of assets -machinery, plants and buildings and intangible assets -across three methods of financing -debt, new equity and retained earnings.
4,5 I average the PDV of capital allowances across the asset types and financing methods.
To move from the accounting identity, as in equation (1) to estimating the relationship, I first take natural logarithm of the identity. Further, the non-stationary nature of the GDP and corporate tax revenue series means that estimation in levels would yield biased standard errors. To correct for the problem I use first differencing. This means that I will be estimating an equation of the form:
My dependent variable in the above regression is the annual growth rate of corporate tax revenues measured in millions of national currency. I use data provided by the OECD Revenue Statistics; I normalise it using GDP deflator to express it in constant prices.
Independent variables of consideration are GDP, corporate tax rates and PDV of capital allowances as discussed above. For gross domestic product (GDP) I use data as discussed in section 2. Corporate tax rates come from the CBT database. They include only top main federal rate of corporate tax and exclude local taxes and surcharges. 6 The impact of business cycle on corporate tax revenues will be measured by the coefficient 2 β in equation (2). The interpretation of the coefficient is analogous to what Lane (2003) proposed on government spending-it measures the elasticity of corporate tax revenues with respect to output growth; i.e. that 1% increase in GDP would increase corporate tax revenues by 2 β percent. Also, positive 2 β implies pro-cyclical behaviour, while a value above unity means more than proportionate response to output fluctuations. To obtain the asymmetric effect of business cycle on corporate tax revenues, I reestimate equation (2) separating the effects of business cycle in recessions and booms from that in normal times. As a result I specify the following equation, where recession and boom are dummies as defined above:
Here, I concentrate on coefficients R 1 γ and B 1 γ that will tell me how different the response of corporate tax revenues to business cycles is in booms and recessions in contrast to normal times -2 β . In the empirical specification I also interact the statutory tax rates and the PDV of capital allowances with booms and recessions to see whether the response of corporate tax revenues to tax rates and tax bases differs between the episodes as well as see whether the inclusion of fixed effects for business cycle episodes affects the estimated coefficient magnitudes.
Empirical Evidence

Baseline model
In the baseline specification in Table 3 I present results from equation (2) and I consider two types of models: with (columns 1 and 3) and without (columns 2 and 4) time fixed effects. The inclusion of time fixed effects implies that I take out the OECD wide business cycle shocks. As a result I interpret the coefficients on GDP as a response of corporate tax revenue growth to changes in country-specific GDP growth. In turn, when I exclude time FE I will be able to interpret the coefficients on GDP growth as a response of revenues growth to the OECD wide shocks in GDP.
Results from Table 3 indicate that the corporate tax revenues are strongly and significantly pro-cyclical with respect to the aggregate business cycles. A 1% increase in GDP would increase corporate tax revenues by 3.4% (column 4). This is quite a large effect. The results with time-fixed effects are smaller and suggest that countries respond differently to country-specific and aggregate output shocks. The effect of country specific business cycle shocks is much smaller and equal to 2.1% change in corporate tax revenues in response to 1% GDP change (column 3). These results are directly comparable with Sorensen et al (2001) , where the coefficient without the year FE on overall revenues is almost twice the size of the one with FE. If we treat equation (1) as identity we would expect the coefficient on the corporate tax rate to be 1. We can see in Table 3 that it is much smaller than that (0.25-0.3). There could be multiple reasons for that, one of them being the previously mentioned progressivity of the corporation tax system. Table 4 presents the evidence of the asymmetric behaviour of corporate tax revenues using regressions without year fixed effects. Columns 1 -10 show results for two different thresholds for recessions and booms; columns 1-5 define a recession to be an episode where the growth rate was in the bottom 10% of all GDP growth observations and boom to be an episode where the growth rate was in the top 10% of all GDP growth observations, columns 6-10 split the sample in half and define the top 50% of observations as booms and bottom 50% of observations as recessions.
Asymmetric cyclicality estimations
I observe a very strong response of corporate tax revenues to business cycle shocks in normal times -the magnitude is somewhere between 3 -4% response of corporate tax revenue to 1% GDP shock. In booms, the response is significantly smaller than in normal times (between 1 -2.5%) while in recessions the response is not statistically significantly different from normal times. The results in columns 6-10 indicate that if we split the sample in half, as the previous literature has done, the effect of GDP fluctuations is larger in recessions than in booms. However, the effect is not statistically significantly different between the two types of episodes.
The asymmetry between corporate tax revenues response in normal times versus in booms and recessions is prevalent; it holds irrespective of the threshold I use to define booms and recessions. Inclusion of more observations, with less extreme growth rates into each business cycle episode lowers the difference in the estimates of the response of business cycles to normal times and booms. This suggests that the response of corporate tax revenues to business cycles is quite strong during very large booms and recessions, but much smaller during mild booms and recessions. The inclusion of year fixed effects (results not shown here) does not change the main conclusion of the asymmetric model. The response of the corporate tax revenues to the business cycle is the strongest in normal times while much smaller in booms.
The results in Table 4 also show that the estimates of the effects of the business cycles on corporate tax revenues are not sensitive to the inclusion of tax base proxies (the coefficient on PDV of capital allowances is marginally significant in some specifications, but does not affect the magnitude of the GDP interactions 8 ), interactions between tax rates and tax bases as well as interactions of tax rates with business cycles. The inclusion of business cycle fixed effects in columns 5 and 10 actually strengthens the results and highlights the differences between normal times, booms and recessions even further.
These results indicate that the approach taken by the previous literature in identifying the asymmetric response of tax revenues to GDP shocks may be inaccurate. The asymmetric response of corporate tax revenues to GDP shocks is much more intricate than just the difference between booms and recessions. My results suggest that the difference exists not between booms and recessions, but between normal times and booms and recessions. This may explain why the previous literature found no effects of business cycles on direct tax revenues.
Instrumental variables estimation
One of the concerns with the estimation of the effect of GDP on corporate tax revenues is the reverse causality problem. To account for this problem I use the instrumental variables approach. This issue is more serious when one considers the overall tax revenues, since they are large in proportion to GDP. Corporate tax revenues are on average about the size of 3% of GDP. Table 4 . Business cycle asymmetries using percentiles from overall distribution of GDP growth rates.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) VARIABLES GDP_90 GDP_90 GDP_90 GDP_90 GDP_90 GDP_50 GDP_50 GDP_50 GDP_50 GDP_50
Δ ln(τ it ) Note: τ it is the top statutory tax rate, PDV it is the present discounted value of capital allowances, and GDP it is gross domestic product. An example on how to interpret the column headers: GDP_90 means that in this column the recession episodes (dummies) are defined as years when GDP growth rate is below 10 th percentile of the GDP growth distributions in the sample, while boom episodes occur when GDP growth rate is above 90 th percentile of GDP growth distributions in the sample. GDP_50 splits the sample in half and defines the top 50 th percentile of observations as booms and bottom 50 th percentile as recessions. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
There is a large empirical literature offering different methods of measuring the impact of tax changes on output and growth, i.e. the tax multipliers. The methods include VARs as applied by Blanchard and Perotti (2002) , narrative approach as offered by Romer and Romer (2010) or a combination of both discussed by Mertens and Ravn (2012) . Each of these approaches offers unique advantages, but differs greatly in the size of the estimated responses of output to tax change shocks, ranging from a huge 3% effects offered by Romer and Romer to smaller than 1% offered by Blanchard and Perotti and Mertens and Ravn. Most of these studies use tax receipts as a measure of tax change. Hence, these multipliers can be interpreted as the impact of tax revenue changes on GDP. In spite of differing methodologies, what these approaches do not question is the direction and significance of the relationship. A positive tax shock, i.e. tax revenue increase has a negative impact on output growth.
The fact that the impact of tax revenues on GDP is negative means that the OLS coefficient on GDP in the baseline OLS regression may pick up this effect and may be biased downwards. To correct for that problem I find instruments that are correlated with GDP growth but are unrelated to corporate tax revenues. I use trade (imports and exports) weighted GDP of trade partner OECD countries. This type of instrument was proposed in the context of the cyclical fiscal policies by Jaimovich and Panizza (2007) and later also used by Lee and Sung (2007) and Ilzetzki and Vegh (2008) . The trade weighted GDP of other OECD countries is strongly correlated with the country's own GDP. However, country's own fiscal policy should have negligible impact on GDPs of other countries, especially corporate tax policy.
To be more specific, for example, for Australian GDP growth instrumental variable I weight GDP growth of all other OECD countries by the amount of imports from each of those countries to Australia (or exports from Australia to all these countries). Thus I use GDP growth for each of these countries in each year and then weight each of these by exports (imports) to Australia. The intuition here suggests that a country can import a crisis from abroad. Alternatively, if I use exports to weight the GDP growth, then if growth rate in the country that imports large amount of products from Australia declines, that country will demand less exports from Australia and hence the growth rate in Australia will suffer.
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In Table 5 I present results from estimating the baseline model using 2-stage-least squared (2SLS) estimation using the instruments described above. 10 The sample used here is slightly smaller than in the OLS regressions due to the presence of some missing trade observations when I create the instrumental variables. The OLS coefficients on GDP growth are only slightly larger in this smaller sample, hence are not reported here. Column 1 uses export weighted GDP growth as an instrument for country's own GDP. Columns 2, 4, 5 and 6 use imports weighted GDP growth, while column 3 includes both export weighted and imports weighted GDP growth as instruments.
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9 For robustness purposes, I also use lagged GDP growth as instrument variable. This estimation strategy has been used in this context by Braun (2001) , Galí and Perotti (2003) , and Lane (2003) . This strategy is only valid in the absence of any serial correlation in the error term. I test for that and find serial correlation in the levels specification, but not in the differences one. Hence, this is also a valid instrument strategy albeit not my preferred one. 10 I test for weak instruments, endogeneity of regressors, excluded instruments etc. They all seem to be in order for the regression results presented here. 11 The instruments in column 3 pass Sargan test for overidentifying restrictions.
The results from the IV estimation are stronger than the OLS ones; they are almost twice as large in all cases. They suggest that the impact of business cycle on corporate tax revenues is between 4-5%. This would confirm the hypothesis that the OLS coefficients are downward biased and may indeed be affected by the reverse causality. gross domestic product. The type of instrumental variable used in each column is outlined in the header of that column. Column 5 results report the coefficients as in column 4, but on the sample of observations with nonmissing PDV observations. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
In Table 6 , I explore whether the use of 2SLS estimation strategy has any impact on the asymmetry results. I find that the effects from imports and exports weighted regression are very similar, hence I only report results for the exports weighted regressions. I not only instrument GDP growth in normal times, but also use exports weighted GDP growth to instrument for GDP growth in the interaction term leaving boom and recession dummies uninstrumented and exogeneous.
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The size of the normal times coefficient on the corporate tax revenues response to business cycle is larger than in the OLS regressions corresponding to the IV baseline regression. What is more, again the boom coefficient is significantly smaller than the normal times one, while the recessions coefficient is not statistically significantly different from the normal times one. The results are qualitatively similar to the OLS ones, though much larger in magnitudes. This is starkly visible when I look at the results from columns 5-8, which split the sample into half at the median growth rate. These clearly suggest that the response of the corporate tax revenues to the business cycle in recessions is more than twice as large as in booms.
What is more, in IV estimations the coefficients on the impact of GDP shocks on corporate tax revenues are statistically significantly different between booms and recessions. In contrast, in OLS case they were statistically significantly different from normal times coefficient, but not from each other.
One of the reasons why the impact of recessions is much stronger here could be that the endogeneity bias created by the reverse causality has been shown to be stronger for recessions. For example, Auerbach and Gorodnichenko (2012) and Almunia et al (2010) find that GDP multipliers of government purchases are larger in recession. If that is the case, then the recession multipliers will bias the GDP OLS estimates for recessions even further downward than the boom estimates.
Heterogeneity of the cyclicality of corporate tax revenues
Tax base effects
The size of the tax base in each country may affect how strongly the corporate tax revenues react to business cycles; the broader the tax base is, the more sensitive the tax revenues could be with respect to business cycle fluctuations. In this section I discuss the heterogeneities in the response of corporate tax revenues to business cycles by analysing the interaction effects between GDP growth and tax base proxy. I further test whether this heterogeneous effect is symmetric across booms and recessions. In Table 7 I show results from estimating equation (2) using OLS (columns 1 and 2), 2-stage least squared method (column 3) and from estimating equation (3) using OLS (columns 4 and 5).
The results from Table 7 indicate that the size of the tax base, measured by present discounted value of capital allowances positively affects the relationship between GDP growth and corporate tax revenues. One standard deviation change in PDV (0.035) amplifies the cyclicality of corporate tax revenues with respect to business cycle by 0.5 (column 3). This means that for country with 1 standard deviation higher PDV (a broader tax base), a 1% change in GDP growth will result in 0.5% larger change in corporate tax revenues. This amplification effect is only significant in recessions (column 4), while in booms the size of the tax base does not significantly affect the response of corporate tax revenues to business cycle fluctuations. In all specification exports weighted GDP is used an instrumental variable for GDP. : τ it is the top statutory tax rate, PDV it is the present discounted value of capital allowances, and GDP it is gross domestic product. An example on how to interpret the column headers: GDP_90 means that in this column the recession episodes (dummies) are defined as years when GDP growth rate is below 10 th percentile of the GDP growth distributions in the sample, while boom episodes occur when GDP growth rate is above 90 th percentile of GDP growth distributions in the sample. GDP_50 splits the sample in half and defines the top 50 th percentile of observations as booms and bottom 50 th percentile as recessions. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0. Note: τ it is the top statutory tax rate, PDV it is the present discounted value of capital allowances, and GDP it is gross domestic product. An example on how to interpret the column headers: GDP_90 means that in this column the recession episodes (dummies) are defined as years when GDP growth rate is below 10 th percentile of the GDP growth distributions in the sample, while boom episodes occur when GDP growth rate is above 90 th percentile of GDP growth distributions in the sample. GDP_50 splits the sample in half and defines the top 50 th percentile of observations as booms and bottom 50 th percentile as recessions. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Loss offset provisions
Loss-offset generosity index
In this section I describe how I construct the novel loss-offset generosity index that I use to understand the effects of loss-offset provisions on the cyclicality of corporate tax revenues with respect to business cycle fluctuations. The index consists of 6 elements, which affect the generosity of loss-offset provisions: loss carry-forward (and its length), loss carryback (and its length), national loss consolidation and minimum taxes; as sources I use the CBT tax database. Each component of the loss offset generosity index affects the measure in slightly different way. The larger the number of years carry-forward and back allowed, the more generous the loss treatment is (for discussion of properties and impact on investment see Dreßler & Overesch (2011) . The availability of group loss offset provisions is a sign of a more generous loss offset provisions in that companies are allowed to offset losses in one subsidiary against profits in another and hence benefit from not paying tax in either of the subsidiaries. On the other hand minimum tax has a detrimental effect on the loss generosity parameter. As noted by Dreßler & Overesch (2011) if an alternative minimum tax is in place a subsidiary is obliged to pay the tax irrespective whether it makes losses or not. As a result of these rules, the construction of the loss-offset generosity index consists of 6 elements, where 1 is given if the statement is true; 0 otherwise. Hence a maximum value that the index could take is 6, minimum is 1 and the 6 statements are the following:
1. Loss carry forward is longer than 10 years (different thresholds explored) 2. Loss carry forward is unlimited 3. Loss carry back is allowed 4. Loss carry back is unlimited 5. Minimum tax does not exist 6. Group consolidation of losses is permitted -on national level 14 Figure 3 shows how the loss-offset generosity index is distributed across countries by calculating average value of the index over 1996-2015 for each country. There is a lot of variation in the index across countries; the index ranges from 5 in Chile, Germany, UK and Ireland to less than 1 in Slovakia. Non-integer values imply that some loss-offset provisions changed over the years. Figure 4 shows how unweighted average of the loss-offset generosity index for the OECD countries developed over time. The loss-offset generosity has increased 14 In addition I explore whether there are any limits on loss carryforwards. This additional criteria does not change the results, hence I do not report the results using this criteria. There have been fewer changes in the last 10 years, with some cut backs to the loss-offset generosity provisions in the last 2 years. What is more, most of the changes came from extensions in the number of years losses are allowed to be carried forward.
Loss-offset generosity results
Using the index generate in section 5.1.1 I test whether an increase in the loss-offset generosity has an impact on the cyclicality of corporate tax revenues. Loss offset provisions generally apply when companies are making losses or in the following periods. It is important to note that loss carry back and loss carry forward will have slightly different effects on the cyclicality of the corporate tax revenues. For example loss carry forward provisions will influence revenues in the periods following recessions, as firms use the losses they incurred to offset them against positive profits. As a result more generous loss carry forward will mean weaker relationship between business cycle and corporate tax revenues in the periods after the recession, but not necessarily during the recession. In contrast, in case of group relief and loss carry back provisions past corporate tax payments are recovered, such that revenue does fall by more than it would without carryback provisions (or group relief), at the time when losses are incurred. Hence, group relief as well as loss carry back will strengthen the relationship between business cycle and corporate tax revenues.
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In general, I expect the effect of the business cycle on corporate tax revenues to vary with the generosity of the loss offset provisions; more generous loss carryback makes the cyclicality of corporate tax revenues with respect to business cycle larger. Companies are able to utilize the more generous loss offset provisions during recessions and thus their tax payments will be lower when the loss offset is larger -i.e. they will respond more severely to 15 Loss carry back in the OECD data is accounted for in the same year. If a company is claiming tax credit for last year, the amount is used to reduce corporate tax revenue is a given year. The revenue numbers are not retrospectively amended. the business cycle fluctuations. Further, loss carry forward provisions make the relationship between business cycles and corporate tax revenues stronger in the periods following the recession too as they reduce the revenues even though companies make positive profits. 16 Also, since loss offset provisions will mainly have an effect in recessions, rather than during booms, I estimate the heterogeneity of the response only for recession episodes.
17
In Table 8 I present results from estimating equation (2) using OLS (columns 1 and 2) and instrumental variables approach (columns 3-5). The effect of loss-offset provisions on the cyclicality of the corporate tax revenues is investigated by interacting the index with GDP growth. The results indicate that the more generous the loss offset provisions, the lower the corporate tax revenues (the coefficient on the loss generosity index is negative across specifications). Further, loss offset generosity provisions amplify the cyclicality of corporate tax revenues in all, but one, specification. The magnitude of the effect in column 5 is such that 1 standard deviation increase in the loss offset generosity provisions (1.45) increases the cyclicality of corporate tax revenues by 0.83. This means that for country with 1 standard deviation higher loss offset generosity index, a 1% change in GDP growth will result in 0.83% larger change in corporate tax revenues.
Results in Table 8 highlight that it is crucial to include the proxy for the tax base here, as the size of the base is why loss-offset provisions tie revenues more closely to GDP. In the specifications controlling for the PDV of capital allowances (columns 2, 4 and 5) the magnitude of the interaction coefficient between loss offset generosity and GDP growth is smaller than in specifications which do not control for PDV of capital allowances. In the IV regression framework even though the magnitude of the coefficient declines, the coefficient on the interaction between loss-offset provisions of GDP growth remains significant. Further, even though the interaction between PDV and business cycle fluctuations is much larger in magnitude than the interaction between loss-offset generosity and business cycle fluctuations, the inclusion of that interaction does not affect the magnitude nor the significance of the effect that loss offset generosity has on business cycle fluctuations. Hence, loss offset generosity remains a significant determinant of how business cycle fluctuations affect corporate tax revenues on top of how tax bases affect that relationship.
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I further tested for the heterogeneity of the corporate tax revenue responses to business cycle fluctuations across business cycle phases -booms and recessions. The results from Table 9 indicate that the loss-offset previsions do not affect the asymmetric nature of the cyclicality of the corporate tax revenues once we control for the effect that tax bases have on this asymmetry. Specifically, the interaction effect between GDP growth, recession and loss offset generosity index is only significant in specifications that do not control for PDV of capital allowances (columns 1 and 5). Once I control for PDV in the remaining specifications, the effect of loss-offset provisions is still positive, smaller in magnitude and with larger 16 Even though each of these provisions has slightly different impact on the nature of the relationship between the business cycle and corporate tax revenues, in the paper I report the joint effect of all of them as an index. When I look at the components of the index separately, the most important and significant is loss carryback. 17 I have tested the booms heterogeneity and the interaction effect is insignificant. 18 Note that a triple interaction between GDP fluctuations, loss offset generosity and tax base is insignificant, but positive which indicates that more generous capital allowances further enhance the effect of loss offset generosity on corporate tax revenue responses to business cycle fluctuations. However, this effect is reported with large standard errors.
standard errors. In turn, the effect of tax bases on the asymmetric response of corporate tax revenues to the business cycle persists even when one control for loss-offset generosity provisions.
Finally, the interaction effects between tax rates and loss offset generosity for booms and recessions are significant; in boom the effect is no different from normal times, in recession the effect of taxes on revenues is larger, but this effect is muted by the interaction with the loss offset provisions (the coefficients are not reported here). At the mean these interactions imply no different effect of tax rates on revenues in recessions than in normal times, but at the extremely generous loss-offset provision values I find that an increase in the tax rate may have no effect on corporate tax revenues. τ it is the top statutory tax rate, PDV it is the present discounted value of capital allowances, and GDP it is gross domestic product, loss_generosity is an index variable ranging from 0 to 5. An example on how to interpret the column headers: GDP_90 means that in this column the recession episodes (dummies) are defined as years when GDP growth rate is below 10 th percentile of the GDP growth distributions in the sample, while boom episodes occur when GDP growth rate is above 90 th percentile of GDP growth distributions in the sample.
GDP_50 splits the sample in half and defines the top 50 th percentile of observations as booms and bottom 50 th percentile as recessions. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Non-linear effects of loss offset provisions
In this section I exploit the fact that the loss -offset generosity index is a categorical variable that ranges from 0-5 in my data. Hence, I explore whether the effects of loss-offset provisions on the cyclicality of corporate tax revenues could be non-linear and vary across the index values. Instead of interacting the loss-offset index with GDP growth linearly, I look at GDP growth effects on corporate tax revenues at each value of the loss-offset index separately by interacting the categorical values of the index with GDP growth. Further, I investigate whether these non-linear effects affect the asymmetric relationship between business cycles and corporate tax revenues.
In Figure 5 I plot a histogram of the regression results. For each loss-offset generosity value I calculate the elasticity of corporate tax revenues in normal times, booms and recessions. The elasticity of the corporate tax revenues with respect to business cycle in recessions increases as the loss-offset generosity parameter increases (apart from value 4 of the index), which confirms the regression results. Interestingly, the boom and normal times elasticities display non-linear effects; the calculated coefficients for normal times are quite large for index values of 2, 3 and 4, while much smaller for other values of the index. In turn, coefficients for booms are larger for index values of 1,2 and 4 than for other values of the index. The elasticities for index values of 2, 3 and 4 are significant in both cases, while they are insignificant for other categories of the index. in boom in recession in normal Qmes
Conclusion
In this paper I show that corporate tax revenues respond quite strongly to the business cycle fluctuations. I document the asymmetries in this response between booms and recessions using both OLS and IV estimation strategies. This paper also contributes to the debate about loss-offset generosity. I construct a loss-offset generosity index that I use to explore the heterogeneity of the tax revenue cyclicality. My findings suggest that the larger loss offset is allowed, the more responsive is corporate tax revenue to the business cycle. According to the evidence presented in this paper, if a country faces a recession and does allow generous loss-offset, the decline in corporate tax revenues it faces will be larger. This in turn will enhance the stabilizing property of corporation tax in recession. Countries with less generous loss-offset provisions will benefit less from this automatic adjustment and might suffer more from recession as a result. Note: All regressions control for corporate tax rates and their interactions with business cycle periods. τ it is the top statutory tax rate, PDV it is the present discounted value of capital allowances, and GDP it is gross domestic product, loss_generosity is an index variable ranging from 0 to 5. An example on how to interpret the column headers:
GDP_90 means that in this column the recession episodes (dummies) are defined as years when GDP growth rate is below 10 th percentile of the GDP growth distributions in the sample, while boom episodes occur when GDP growth rate is above 90 th percentile of GDP growth distributions in the sample. GDP_50 splits the sample in half and defines the top 50 th percentile of observations as booms and bottom 50 th percentile as recessions. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
